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Fibre Reinforced Concrete (FRC) is a mixture of concrete and fibres which has displayed a 
significant improvement in developing the mechanical properties of concrete over the 
years.  FRC has also shown improvement in the cracking parameters in terms of toughness 
and cracking length with concrete composite containing partial cement replacement such 
as Fly Ash (FA) and Silica Fume (SF). Meanwhile, Palm Oil Fuel Ash (POFA) is another 
cement replacement material which is a waste product from palm oil manufacturing. 
Concrete was known as a brittle material, which its behaviour under loading is completely 
different from that of ductile material such as steel. Due to the potentials of POFA in 
concrete which have enhanced the mechanical properties of concrete especially related to 
compressive strength and workability, this research aims to explore the mechanical 
behaviour of Fibre-Reinforced Mortar (FRM) mixed with micro-fine size Treated Palm Oil 
Fuel Ash (POFA). This research is mainly to determine the optimal amount of POFA with 
Fibre in mortar and the displacement ductility ratio of the samples. Fibre ranges from 0 
kg/m
3
 to 20 kg/m
3
 and concrete replacement with POFA ranges from 0% to 60% was 
experimented. From the compressive strength results, it can be deduced that sample with 
40% POFA inclusion mixed with 10 kg/m
3
 poly propylene fibres gives higher strength 
compare to 100% OPC mixed with 10 kg/m
3
 poly propylene fibres. While from the 
flexural test, samples with 40% POFA inclusion mixed with 15 kg/m
3
 and 10 kg/m
3 
poly 
propylene fibres give the highest ductility ratio which are 7.8 and 13.3 at 56 days of curing 
ages respectively. Scanning Electron Microscopy (SEM) was done to observe the surface 
morphology of the fibre reinforced mortar. Based on the results and observations from 
various POFA inclusions with 10, 15, and 20 kg/m
3
 of poly propylene fibres, impressive 




 and 15 kg/m
3
 of poly propylene fibres. It can be decided that the inclusion of POFA 
can improve the strength properties of the mortar in term of compressive strength while, 
fibres can enhance the tensile properties of the mortar which is beneficial in minimizing 
the usage of Ordinary Portland Cement (OPC) and Steel Bar Reinforcement. 
Keywords: Fibres, Mortar, POFA, Ductility, SEM 
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Tingkah Laku Mekanikal Mortar Bertetulang Serat dengan Abu Bahan Kelapa Sawit 
ABSTRAK 
Konkrit Bertetulang Serat (FRC) adalah gabungan konkrit dan gentian yang telah 
menunjukkan perkembangan yang ketara dalam membangunkan sifat mekanik konkrit 
selama bertahun-tahun. Rangkuman gentian dapat membantu meningkatkan kekuatan 
mampatan konkrit. FRC juga menunjukkan peningkatan dalam parameter retak dari segi 
ketangguhan dan retak panjang dengan komposit konkrit yang mengandungi penggantian 
simen separa seperti Fly Ash (FA) dan Silica Fume (SF). Sementara itu, Ash Oil Fuel 
Palm (POFA) adalah satu lagi bahan pengganti simen yang merupakan bahan buangan 
dari industri minyak sawit. Konkrit dikenali sebagai bahan rapuh, yang kelakuannya di 
bawah pemuatan adalah sama sekali berbeza daripada bahan mulur seperti keluli. Banyak 
kajian telah dijalankan menggunakan POFA dalam konkrit yang mungkin telah 
meningkatkan sifat mekanik konkrit terutamanya yang berkaitan dengan kekuatan 
mampatan dan kebolehkerjaan. Oleh kerana potensi POFA, penyelidikan ini bertujuan 
untuk mengkaji kelakuan mekanikal Fibre-Reinforced Mortar (FRM) yang bercampur 
dengan saiz mikro yang dirawat dengan Minyak Kelapa Sawit (POFA). Kajian ini adalah 
untuk menentukan jumlah optimum POFA dengan Fiber dalam mortar dan nisbah 
kemuluran suntikan sampel. Serat berkisar antara 0 kg/m
3
 hingga 20 kg/m
3
 dan 
penggantian konkrit dengan POFA antara 0% hingga 60% telah diuji. Dari hasil kekuatan 
mampatan, dapat disimpulkan bahawa sampel dengan 40% POFA dimasukkan dengan 
campuran 10 kg/m
3
 gentian propilene memberikan kekuatan yang lebih tinggi 
dibandingkan dengan 100% OPC bercampur dengan 10 kg/m
3
 gentian propilene poli. 
Walaupun dari ujian lenturan, sampel dengan 40% POFA dimasukkan dengan serat 15 
kg/m
3
 dan 10 kg/m
3
 gentian propilene memberikan nisbah kemuluran tertinggi iaitu 7.8 
vi 
dan 13.3 pada 56 hari umur pengawetan. Mengimbas Mikroskop Elektron (SEM) 
dilakukan untuk memerhatikan morfologi permukaan mortar bertetulang gentian. 
Berdasarkan keputusan dan pemerhatian dari pelbagai insiden POFA dengan 10, 15, dan 
20 kg/m
3
 serat poli propilene, hasil yang mengagumkan diperolehi pada kekuatan 
mekanikal untuk POFA 40% dengan penambahan 10 kg/m
3
 dan 15 kg/m
3
 poli gentian 
propilena. Dapat disimpulkan bahawa kemasukan POFA dapat meningkatkan sifat 
kekuatan mortar dalam bentuk kekuatan mampatan sementara, serat dapat meningkatkan 
sifat tegangan mortir yang bermanfaat dalam mengurangkan penggunaan Semen Portland 
Biasa (OPC) dan Bar Keluli Pengukuhan. 
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Concrete is an essential building material for construction of which the demand is 
increasing across the globe. Concrete known for its’ versatility, relatively durable, long 
lasting, cost effective and crucial for building materials makes it a popular material in 
construction. However, concrete is inherently brittle material because concrete has low 
strength in tensile compared to strength in compressive. There are a lot of new 
improvement especially related to concrete specification introduced by researchers (Shi et 
al., 2016; Kim et al., 2018). Moreover, continuous improvement to enhance concrete 
properties is an ongoing activity by various researchers and manufacturers. One of the 
recent research by researchers is on the development of High Strength Fibre Reinforced 
Concrete (HSFRC) (Luccioni et al., 2018; Caetano et al., 2019). Similar to mortar over the 
past few decades, High Strength Fibre Reinforced Cementitious Mortar (HSFRCM) has 
been used in the industry in some countries (Graybeal, 2008; Rebentrost et al., 2008). 
HSFRCM is the mixture of Ordinary Portland Cement (OPC), pozzolan materials such as 
Fly Ash (FA), Silica Fume (SF) and Palm Oil Fuel Ash (POFA), fine size aggregate, fibres 
such as Steel, Poly-Propylene and glass, normal water, superplasticizer and other 
admixtures depending on the properties of the material. 
It is known that flexural strength of concrete is much lower than compressive 
strength of concrete. This is due to the fact that concrete is significantly brittle and display 
poor tensile strength properties. Defects are also caused by excess water, plastic settlement, 
bleedings, and thermal shrinkage strains as well as stress concentrations applied by the 
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external forces. Generally, the internal microcracks are due to poor tensile strength and can 
lead to brittle failure of concrete. The addition of small amount of fibre in concrete would 
play a role as crack arresters and can improve the flexural strength of concrete (Mehta & 
Monteiro, 2006). 
Fibre reinforced concrete is the combination of cement, aggregates, and fibres. 
Fibres comes in different shapes, sizes and types which are glass, plastics, steel, and 
natural materials. The improvement of flexural toughness is one of the advantages of fibre 
reinforced concrete. In fact, it also helps to improve the tensile strength of concrete due to 
the stretching ability under load - reinforced fibre is greater compared to normal concrete. 
In previous studies done by Fladr and Bily (2018), fibre added into concrete is found to 
exhibit improved flexural strength in concrete.  
Compression strength in concrete also plays important factors besides flexural 
strength. Many research has been done to produce a High strength concrete (HSC) which is 
also known as high performance concrete as it possesses one of the following criteria such 
as, low shrinkage, low permeability, high modulus of elasticity or high strength. It is 
known that the use of pozzolan could also improve workability and durability (Bouzaidi et 
al., 2016). A lot of researches have been performed to develop high strength concrete with 
addition of sustainable elements in concrete production (Caetano et al,. 2019; Guo et al., 
2019). It has been used in a lot of building structures especially at lower floors of 
buildings. This is due to the fact that high strength concrete can hold up more weight and 
slimmer in size compared to normal concrete which allow for more useable space. High 
strength concrete is suitable for earthquake prone areas. Study by Mustafa et al. (2020) has 
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shown that High Strength Mortar (HSM) mixed with pozzolan material such as Calcined 
Diatomite Powder (CDP) can achieve strength up to 105 MPa in 90 days.  
Increase in demand of concrete leads to increase in cement production. This has 
caused reduction of natural deposits and leads to ecological imbalance of environment 
(Adaba, 2012).  Therefore, a need to discover new material for substituting conventional 
concrete is encouraged.  Presently, Malaysia palm oil industry has taken over half of the 
world’s total palm oil production and is set to be higher due to the global rise in vegetable 
oil demand. According to Awal and Hussin (1996), palm oil is one of the main agro-
industries in South East Asian countries such as Malaysia, Thailand, and Indonesia. This 
industry accumulates mass amount of by-product in the form of kernel shell, empty fruit 
bunches and fibres which will be used as fuel for the electricity in the palm oil mill. The 
waste product from the boiling process is in the form of ashes and known as Palm Oil Fuel 
Ash (POFA). Research shows that this agro-waste contains a large amount of silica, thus, 
possesses pozzolanic properties suitable as cement replacement material. Recent studies 
have proved that POFA can be used as a partial cement replacement material to produce 
high strength concrete with higher impermeability and durability (Kroehong et al., 2011; 
Muthusamy et al., 2019).   
This research will emphasis on the effect of using POFA as partial cement 
replacement with the mixture of poly propylene fibre in fibre reinforced mortar. Research 
data will be collected from compressive strength test, split tensile strength test, Load vs 
Displacement (Flexural test) and microstructure analysis.  
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1.2 Problem statement 
Around 17.7 million tons of crude oil every year, Malaysia recorded the highest 
Palm Oil production reaching 41% globally (Chiew et al., 2011). The increment in the 
production of Palm Oil resulted in the increasing amount of waste of Empty Fruit Bunch 
(EFB). The Empty Fruit Bunch (EFB) can be used as fuel to generate electricity which will 
later become Palm Oil Fuel Ash (POFA) (Nagaratnam et al., 2016). Normally, the disposal 
of the generated waste from the burning will be remained unutilized creating 
environmental problems (Sreekala., 1997; Law., 2007). 
Production of cement is growing rapidly due to the high demand in the 
development sector. This production will cause the emission of CO2 to the atmosphere and 
has cause severe environmental issue (Blaszczynski and Krol, 2015).  
1.3 Research significance  
It is found that presence of fibre has significantly improved strength of mortar in 
terms of flexural strength and tensile strength. Like concrete, it is known that mortar is 
weak in tension but good in compression which is why the addition of fibre will help in 
increasing the ductility of mortar. Application of high strength fibre reinforced mortar 
(HSFRM) in structure is by applying a thin layer of HSFRM on a conventional concrete 
element such as wall, beam or slab, which will improve both durability and mechanical 
properties such as split tensile, ductility and compression strength of the concrete.  
Inclusion of POFA in this research also helps to improve durability of mortar. 
According to Karim (2011) pozzolanic properties that exist in POFA can replace Portland 
cement in producing mortar with relatively high strength and also good resistance towards 
chloride expansion. It is likely that this high strength fibre reinforced mortar can help to 
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enhance the durability of houses in coastal area in Sarawak which are subjected to 
corrosion. Besides high strength fibre reinforced mortar could sustain high amount of 
loadings and impact which can be beneficial for buildings located in high seismic areas. 
1.3.1 Research Hypothesis 
This research envisaged that fibre reinforced mortar using Poly- Propylene as fibre 
with incorporation of micro-fine Palm Oil Fuel Ash as partial cement replacement material 
will improve the tensile properties and compressive strength properties of mortar.  
1.4 Aim and Objectives 
The main aim of this research is to develop ductile and high strength mortar mixed 
with fibre (poly – propylene) and micro-fine POFA (<10µm) for the use of concrete mortar 
paste at the high earthquake prone area, high impact area such as highways or coastal roads 
and also conventional buildings element such as wall, slabs and beams. 
The objectives of this study are described as follows: 
i. To determine optimum mix design of fibre reinforced mortar mixed with 
micro-fine POFA that can achieve up to 80MPa compressive strength at 90 
days. 
ii. To evaluate the displacement ductility ratio of fibre reinforced mortar mixed 
with micro-fine POFA. 
iii. To perform the correlation study on FRM properties.  
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1.5 Summary 
This thesis consists of 5 chapters including reference. Chapter 1 is the description of 
the background study of the project, research significance, research objectives and 
organization of the thesis. 
Chapter 2 highlights on the past studies related to High Strength concrete using 
pozzolanic material, Fibre reinforced concrete (FRC), mechanical properties of FRC and 
microstructure analysis of Fibre reinforced concrete (FRC).  
Chapter 3 describes the experimental work stage by stage; determination of optimum 
mix design, determination of optimum amount of POFA inclusions, determination of 
optimum amount of fibres inclusions and analysis of displacement ductility ratio. This 
chapter also explain on production of mortar cubes and beams.  
Chapter 4 emphasizes on the analysis and interpretations of results obtained from the 
Compressive Strength test, Flexural strength test for displacement ductility ratio, Split 
tensile strength test and SEM and EDX analysis. 
Chapter 5 summarizes the work conclusions based on the outcomes gathered. 









This chapter will clarify more specifically about the usage of pozzolanic materials 
in concrete mortar industry, the usage of fibre in concrete mortar and the important 
parameters in choosing the fibres, mechanical properties of fibres reinforced concrete and 
mortar and the effect of using micro-fine Palm Oil Fuel Ash in the mix design. 
2.2 High Strength Concrete (HSC) using pozzolanic material in concrete industry 
High strength concrete (HSC) with the combined use of superplasticizers and 
mineral additives such as Palm Oil Fuel Ash (POFA), Silica Fume (SF) and Fly Ash (FA) 
as pozzolan, which can also improve workability and durability (Bouzaidi et al., 2016). It 
has several advantages and many possibilities for use in civil construction such as in 
modern architecture design. Structural elements must be resistance to mechanical loading 
and durable to aggressive environment conditions. Hence, HSC is suitable for use in 
construction because of its’ high compressive strength and high resistance to aggressive 
environment (Filip, 2015). 
Previously, the implementation of pozzolanic materials in concrete has become 
essential in improving concrete inherent characteristics. These agro waste material such as 
rice husk ash, palm oil fuel ash and fly ash are popularly used as partial cement 
replacement material to produce a blended cement concrete (Rajasekar et al., 2018). Table 
2.1 shows the comparison of the optimum high strength concrete mix proportion with the 
use of pozzolanic materials by different researchers. 
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Table 2.1: Optimum mix proportion of High Strength Concrete by different researcher 
 
 
High strength concrete (HSC) has superior mechanical properties and durability 
compared to normal – strength concrete because of the hardness of the breakdown of a 
high and a lower porosity based on the results by the research in Table 2.1. However, HSC 
material is brittle, less ductile, and more sensitive to aspects of the planning and execution 
of construction compared with materials made of normal strength concrete (Hany et al., 
2015). The brittleness of the HSC material can be categorized by the occurrence of crack 
propagation occurring faster than the crack propagation on normal concrete. As explained 
by Kartini (2012), it is known that HSC content a higher cement binder with a lower water 
to cement ratio in a mix design. Due to this fact, the large amount of cement binder will 












Zareei et al., 
2017 (kg/m3) 
Pourbaba et 
al., 2018 (%) 













Aggregate RS: 1.35 
Granite: 1.88 





Water 0.27 0.27 125 180 8 
Superplasticizer 0.022 0.5 14 15 1 
Other material - - Fibre: 140 - Steel Fibre: 6 
Highest sample 
strength 
90 days: 109 
MPa 
56 days: 108 
MPa 
28 days: 82.1 
MPa 
28 days: 93.28 
MPa 




90 days: 100 
MPa 
56 days: 101 
MPa 
- 28 days: 83.36 
MPa 
42 days: 110 
MPa 
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Thus, brittle effect of high strength concrete can be solved by installing a confining 
reinforcement such as fibres so that it will be more ductile (Hany et al., 2015).  
2.3 Fibre Reinforced Concrete (FRC) 
Over a decade, the concrete industry has shown a significant development on fibre 
reinforced concrete which is one of the popular fields for research (Alberti et al., 2016). 
The combination of concrete and fibres is generally termed as fibre reinforced concrete 
(FRC). The combination of steel fibres or a few other types of fibres with concrete could 
enhance one of the disadvantages in concrete which is the reduction of tensile strength 
(Alberti et al., 2016). 
 Generally, there are 2 types of fibres that can be used as concrete reinforcement 
which are artificial and natural fibres. Some examples of artificial fibres are steel fibre 
(SF), polypropylene fibre (PP), polyolefin fibre and plastic fibre. While, some examples of 
natural fibres are coconut, bamboo, jute, and flax (Elanchezhian et al., 2018). The most 
available and commonly used fibre in concrete is steel fibre. According to Yin et al. (2015) 
steel fibres could enhance the tensile and flexural strength of concrete because of their 
specialty in absorbing energy. Hamrat et al. (2016) stated that steel fibres could provide the 
tensile strength required to control shrinkage cracking. However, due to the nature of steel, 
this type of fibre can be corroded and will lead to concrete structure deterioration (Alberti, 
2016). This deleterious effect on steel fibres has developed an interest in fibres that are 
chemically stable and improved the mechanical properties of concrete. Apart from being 
highly corrosive to nature, steel is expensive to purchase and difficult to handle. Thus, the 
plastic industry has come to a new idea in manufacture of a new generation of polyolefin - 
based synthetic micro fibres. This type of fibre has good tensile properties, abrasion 
resistance and excellent performance in resisting chemical reactions (Yin et al., 2015; 
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Alberti, 2016). Plastic fibres are synthetic fibre in the form of micro and macro plastic 
fibre which diameter ranges between 5 – 100 µm and length is between 5-30 mm (Nili & 
Afroughsabet, 2010). These micro fibres can efficiently control plastic shrinkage cracking, 
which is caused by fresh concrete in early phase (Guneyisi et al., 2014). Furthermore, they 
do not have effects on the properties of hardened concrete. A steel reinforcing mesh is 
normally used to prevent drying shrinkage, but now it is steadily being replaced by the 
micro plastic fibres since the fibres are easier to be used in construction, less labour is 
needed and eventually could lower the cost (Buratti et al., 2011). Plastic fibres have gain 
its popularity in construction of concrete footpaths, precast element, and shotcrete mine 
tunnel (Alani & Becket 2013; Kaufman et al., 2013; Peyvandi et al., 2013).   
Other form of synthetic fibres is polypropylene (PP) fibre. Polypropylene fibres 
have been widely used in concrete industry, due to its ease of production, high alkaline 
resistance (Santos et al., 2005), and high tensile and young’s modulus (Yin et al., 2013). 
However, Jang et al. (2016) and Mazaheripour et al. (2011) reported that the inclusion of 
polypropylene fibre will reduce the fresh concrete properties. This is because the addition 
of fibres can create a network structure in the concrete mix which will act as a weak barrier 
in restraining the mixture from segregation and flow. Besides, the high content and large 
surface area of fibres will cause it to easily absorb cement paste to wrap around and 
directly increase viscosity. Thus, a reduction in the workability will occur. A few 
suggestions have been made to improve the workability of fibre reinforced concrete to 
limit the volumetric fibre inclusions to a range of 0.1% to 1% and to add more water. 
However, adding water will give a negative impact to concrete strength, hence super-
plasticizer or water reducing agent will be applied in the mix.  
